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Background

CERDEC conducted a power assessment in 2008

— Three Command Posts (CPs): the Brigade Main, the
Infantry Battalion CP and the MAIN Tactical CP.

— Eight days of mission equipment operation.

AMSAA requested SURVICE Engineering Company
conduct a study to account for the fuel consumed.

By then end of the study, SURVICE had accounted for
97% of the reported fuel used during TOCFEST.

Resulting model can be used to predict fuel usage for
TOCs — any weather conditions, shelters, shelter

configuration, mission equipment layout, generators,
and ECUs.
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Find: the fuel consumed by TMSSs during TOCFEST
Given:

* Total daily fuel usage & calculated fuel usage by power plants
* Shelter and mission equipment layouts

* Dates evaluated

* Weather conditions

* ECU capacities and TMSS fuel consumption rates
Tools:

* AutoDISE software

 HVAC Requirements calculator (part of AutoDISE)
 SURVICE Fuel Consumption Model
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* Assumptions made in the following areas:
— ECU settings
— TOC hours of operation
— # personnel in each shelter
— Conditions within shelters
— Ground conditions
— Solar and electrical contribution to heat load
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Approach

Determine:

= Heating required (BTUs)

* Electrical Power to generate heating (BTU to kW)
* Fuel to produce total power (kW to gal)

Shelter ECU Generator
Heat (BTU) Power (kW)

(BTUs required) (BTUs to kW) - (kW to gal)

AutoDISE SURVICE Model
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HVAC Requirements
Calculator

HVAC Requirements Calculator,

automatically.

Ventilation / Infiltration:

Shelter Internal Conditions
Number of Personnel:
Personnel Activity Level:
Max Temp in Shelter:
Min Temp in Shelter:

Desired Humidity Inside:

Electrical Load:

Environmental Conditions

Ambient Temp: 2394 °F Ground Type: Grass/Dirt
Ambient Humidity: 51 %

This tool cormputes the minimum HYAC loads required to heat or cool a shelter, hased on the shelter structure, conditions inside the shelter and
external erwiranmental factors. To hegin, select a shelter, then madify shelter andfor erwiranmental conditions, HWAC [oads are calculated

Select a Shelter: | CURRENT OPERATIONS

Shelter Structure

a Width at Base: 35 ft.
Moderate Work Length at Base: 32 ft.
80 °F Height: 10.5 f.
70 °F Eave Height: S fi.
50 % Angle of Wall

Side to
270 CFM Horizontal: 80 °
0 BTU/hr
fincludes only powered
loads)

Results

2)x)

[2)Shelter Base Shape: Rectangle
Solar Absorption: 0.7

U-Factor: 0.4 BTUthr/sgft~F

Eave Height

Angle of Wall Side
to Horizontal:

+— Width ———

Ground Temp: 2594 °F The given conditions result
inthe Heat Load values
Wind Speed: 345 mph shown to the right, in BTU .

Solar Load: 0 BTU/hr/sgft

Load.

Steady State Temp inside Shelter:

To maintain constant
ternperature within the shelter,
air conditioning/heating is
required to offset the Total Heat

70 °F

Elect. Equipment:
Ventilation:
Personnel:
Structure: -46757

Total Heat Load: 58901
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Low Heat .

%% of titne ECL
FeLirimir

% of titme ECU
MOT Running

Fuel Consumed
ECLI Running

en to

Fuel Consumedd
ECL MNOT Running

Total Loww Hest Fuel

(gal)
5473

Total Fuel

Funining + Mo Load

Fuel Consumption Calculations
Medium TMSS

High Heat e veston, oy

% of time ECU
Runrning

% of time ECU NOT
Funning

Fuel Conzumed
ECLI Running

Fuel Consumed
ECU NOT Running

Tatal High Hest Fuel

(gal)
10120

Tatal Fuel
Funining + Mo Loz

(%) )] (galhr) [galhr) (%) (%) {galhr) (galhr)
89% 1% 0.45 0.04 0.52 45% 25% 065 0. 0.86
95% 5% 0.52 002 0.53 45% 52% 070 0.20 0.80
95% 5% 0.52 002 0.53 45% 52% 070 0.20 0.80
95% 2% 052 002 053 45% 22% .70 0.20 0.80
95% 0.51 0oz 053 47 % 3% 069 0.20 0.89
Q0% 045 004 052 43% 5% 066 0.1 0.87
i 0.54 000 0.54 51 % 9% 059 015 1.04
0.4s 008 0.51 42% S8% 061 022 0.83
0.39 010 0.50 6% E4% 053 0.24 077
0.40 010 0.50 3T% E3% 0.54 0.24 0.7e
0.54 000 0.54 52% 45% 076 018 0.84
0.50 003 0.53 47% 23% 068 0.20 0.88
0.52 002 0.53 45% 52% 0.70 0.20 0.90
0.54 000 0.54 EE% 32% 0.99 012 1.1
0.54 000 0.54 BE% 34% 0.9¢ 013 1.09
0.54 000 0.54 E7% 33% 0.95 013 1.10
0.54 000 0.54 E9% % 1.01 012 113
0.54 000 0.54 1% 29% 1.03 011 1.14
0.54 000 0.54 TI% 27% 1.06 010 1.6
0.54 000 0.54 7% 29% 1.03 011 1.14
0.54 000 0.54 5% % 1.00 012 112
0.54 000 0.54 9% eyl 1.01 012 113
0.54 000 0.54 B5% 35% 0.4s 013 1.08
0.54 000 0.54 E2% 38% 0.91 014 1.05
0.54 000 0.54 SE% 449% 052 07 0.99
.54 0.00 0.54 3% 47% 077 018 0.95
0.54 000 0.54 Fi 25% 110 009 119
0.54 000 0.54 1% 19% 1.18 0.07 1.25
0.54 000 0.54 0% 20% 1.7 0.08 1.24
0.54 000 0.54 22% 18% 1.149 0.07 1.26
0.54 000 0.54 85% 15% 1.24 0.06 1.30
0.54 000 0.54 83% 17% 1.22 0.06 1.28
0.54 000 0.54 7% 22% 1.14 0.08 1.22
0.54 000 0.54 T2% 268% 1.05 011 1.16
0.54 000 0.54 7% 29% 1.03 011 1.14
0.54 000 0.54 G5 4% 0.4 013 1.0
0.54 000 0.54 29% 4% 057 015 1.02
0.54 000 0.54 2% 45% 050 07 087
nas nn ns4 49%, 1% nwa nia nat




Common Conditions

 TMSS ECU COP =1 (Resistance heating)
* Fuel for HMMWYV'’s not included in analysis
* Distribution of Connector tent heat load

TMSS TMSS
| |

X )

Heat load calculated Heat Load Distributed

Actual Layout separately
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Study Conditions

Scenario 1
(Original Assumptions)

Heat Setting High
Hours of Operation 0600-1800 mmm) 0600-1900 0600-1900
# Personnel # laptop stations ) 0 0
Internal Temperature 65-80°F — 70-80°F 70-80°F
Desired Humidity 50% 50% 50%
Ventilation/Infiltration # laptop stations # laptop stations # laptop stations
Ground Type Dirt/grass Dirt/grass Dirt/grass
Ground Temperature Air temperature Air temperature Air Temperature
Solar Load 0 BTU/hr 0 BTU/hr 0 BTU/hr

Conversion of Electrical

0, o) o
Load to Heat Load 100% = 0% 0%
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Fuel Consumption (gals)

Date Scenario 1 Scenario 2 Scenario 3 |Consumed by TMSSs
3/25/2008 61.40 79.74 137.37 129.6
3/26/2008 52.75 72.80 107.88 168.6

I 3/27/2008 54.53 76.10 117.88 43.6
808 ) ) ) 077
3/29/2008 64.99 81.13 147.54 177.6
3/30/2008 69.25 82.00 157.13 77.6
3/31/2008 60.22 79.58 135.95 210.6
4/1/2008 50.40 65.77 88.71 111.6
4/2/2008 59.61 79.45 134.73 140.6
Total 473.15 616.58 1027.18 1059.8
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onclusion

e SURVICE model had accounted for 97% of the
reported fuel used during TOCFEST.

* Resulting model can be used to predict fuel
usage for TOCs — any weather conditions,
shelters, shelter configuration, mission
equipment layout, generators, and ECUs.

e The model shows what factors can
significantly affect fuel usage.



BACKUP
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Potential Fuel Consumption

based on Fuel Consumption Data from CERDEC

Daily Fuel

Fuel Consumed

Potential Fuel

Genera.tor ) Conszlﬁl tion Consumption Sé(zl)an\;zc:ia[c:::nel Qty of TMSS| per TMSS size Usage for
OiselEiling) DS AE > (12 hrs/day) 2 sizein TOC | (8-daytotal) | TOCFEST
Conditions
(gal/hr) (gal/day) (gal) (gal) (gal)
Medium 1.46 17.52 140.16 10 1401.6
Full Load 1629.12
Large 2.37 28.44 227.52 1 227.52
Medium 0.54 6.48 51.84 10 518.4
Half Load 615.36
Large 1.01 12.12 96.96 1 96.96
Medium 0.38 4.56 36.48 10 364.8
No Load 388.8
Large 0.25 3 24 1 24
Recorded fuel used during TOCFEST 1231
Report estimated fuel consumption by PP 171.2 14%
Report estimated fuel consumption by TMSS’s | 1059.8 86%




